Object. The authors sought to confirm that the combined supra/infratentorial-transsinus approach offers a safer means of resecting large pineal region tumors than other approaches currently being used. The aforementioned method provides a wider exposure of the pineal region with less brain retraction than the infratentorial-supracerebellar or the occipital-transtentorial approach alone and is applicable to some large and giant tumors of this area. This combined approach was used in six patients to remove large pineal region tumors including four tentorial meningiomas, one pineocytoma, and one epidermoid cyst.
If the patient was diagnosed as having significant obstructive hydrocephalus preoperatively, a ventriculoperitoneal (VP) shunt was usually placed before the tumor operation.
Anesthesia and Monitoring
Anesthesia was induced by using standard endotracheally administered thiopental and a short-acting muscle relaxant in all patients. Furosemide and/or mannitol were administered intravenously at the start of the operation. A precordial Doppler device was placed to detect air emboli, and a right atrial catheter was inserted to monitor the central venous pressure and to aspirate air in the event of an embolism. Prophylactic antibiotic drugs were administered intravenously.
The SSEPs were monitored continuously during the operation. Stimulating electrodes were placed bilaterally at the median nerve in the wrist, and recording electrodes were placed over the appropriate somatosensory cortex. Bilateral brainstem auditory evoked responses were similarly monitored during the operation. Transit-time Doppler flow measurements were obtained by means of a 3-mm probe.
Operative Technique
The patient was placed in a semiprone position, which is preferred for this approach because the surgeon can sit behind the patient (Fig. 1) . We placed the side of the proposed transverse sinus section inferiorly, which allows for gravity-aided retraction of the occipital lobe. A U-shaped incision was made, and the skin flap and muscles were elevated as a single layer. The craniotomy was usually performed in three pieces, and the first plate removed was the suboccipital (Fig. 2A) . After separating the transverse sinus under tangential vision, an occipital craniotomy was performed on one side up to the superior sagittal sinus (SSS) (Fig. 2B) . After separating the SSS from the bone under direct vision, we were able to perform the occipital craniotomy on the other side more safely (Fig. 2C ) because this technique avoids injuries to the venous sinuses. The craniotomy is usually performed in three pieces, with the suboccipital plate removed first. B: After separating the transverse sinus under tangential vision, an occipital craniotomy is performed on one side, up to the SSS. C: After separating the SSS from the bone, the occipital craniotomy is performed on the other side. D: The suboccipital dura is opened in a transverse fashion just inferior to the transverse sinus. The occipital dura is then opened parallel to the venous sinuses on the inferior side. A 20-gauge butterfly needle attached to a manometer is placed in the transverse sinus just lateral to the torcular herophili, where test occlusion of the sinus is performed by using a temporary clip lateral to the needle. 1, 2, 3 = order in which the plates were removed.
The suboccipital dura was opened in a transverse fashion just inferior to the transverse sinus, dividing the occipital sinus if necessary. The cisterna magna was opened to permit relaxation of the brain through a small dural incision. The occipital dura was then opened on the inferior side, medial to the SSS and superior to the transverse sinus. The safety of division of the nondominant transverse sinus was then established in the following manner: a 20-gauge butterfly needle was attached to a manometer and was inserted into the transverse sinus just lateral to the torcular herophili, and test occlusion of the sinus lateral to the needle was continued for 5 minutes. If the venous pressure does not rise more than 5 mm Hg during this test, if no brain swelling is observed, and if there are no changes in the SSEPs, the nondominant transverse sinus can be sectioned safely (Fig. 2D) . In that event, the sinus was clipped with two temporary clips and divided (Fig. 3 left) . The tentorium was then cut just lateral to the straight sinus and toward the tentorial notch area. The occipital lobe and the cerebellum were gently retracted to expose the quadrigeminal region (Fig. 3 right) . Fig. 3 . Artist's drawing of a combined supra/infratentorial-transsinus approach to a large pineal region tumor. Left: The nondominant transverse sinus has been clipped with two temporary clips and divided. The occipital lobe and the cerebellum are gently retracted to expose the tentorium. Right: The tentorium is then cut just lateral to the straight sinus and toward the tentorial notch area. The wide exposure of the tumor is seen together with important venous structures. Int. = internal; v. = vein.
The excision of the tumor was accomplished in the usual fashion. If deep venous structures were found to be encased, they were carefully dissected and preserved. After removal of the tumor, the transverse sinus can be sutured with 5-0 or 6-0 prolene. If such reconstruction is preferred, a short vein graft may be necessary because the dura containing the sinuses shrinks during the operation. 
RESULTS
Five patients underwent preoperative placement of a VP shunt. Preoperative embolization was performed in three patients who had tentorial meningiomas. The nondominant transverse sinus was on the left side in five cases and on the right side in one case (Table 1) . In two patients an occipital-transtentorial approach was attempted, and in a third an infratentorial-supracerebellar approach was initially attempted. However, in all patients the combined approach was necessary to remove the tumor completely (Case 1, Figs One of the six patients suffered transient visual loss, and another had mild right sixth cranial nerve paresis; both recovered in 3 weeks. One patient required replacement of the VP shunt that had been inserted preoperatively. 
Radiological Evaluation and Anatomical Study
The projections of the main approaches for large pineal region tumors were studied using a midsagittal MR image. The retraction of the occipital lobe was imagined as a parallel line drawn 1.5 cm superior to the tentorium (straight sinus), with retraction of the cerebellum as a parallel line drawn 2 cm inferiorly. An MR image showed that the giant tentorial meningioma in our first patient (Case 1) had the maximum diameter of 5.1 cm. The occipital-transtentorial approach had a projection revealing 65% of the tumor in the sagittal plane (a = 3.3 cm), and the infratentorial-supracerebellar approach had a projection of 76% (b = 3.9 cm), which was larger than the first one. The projection of the combined supra/infratentorial-transsinus approach revealed the highest value as 100% (c = 5.1 cm), and the wide working space provided for the surgeon was also demonstrated through this approach (Fig. 9) . The measurement of the same values in our second patient (Case 2) also showed a ratio of c > b > a (c = 4.6 cm, 100%; b = 4.1 cm, 93%; and a = 2.8 cm, 60%). The surgical anatomy of the pineal region for the combined approach was studied in five cadaveric head specimens. We encountered no bridging veins between the transverse sinus and the inferior surface of the occipital lobe. However, the retraction of the cerebellum may result in the sacrifice of some small bridging veins. In all specimens we chose one side of the transverse sinus close to the torcular herophili and sectioned it. After the slight retraction of the occipital lobe and the cerebellum, the superior approach to the splenium of corpus callosum, the pineal gland and the third ventricle, and the lateral and inferior approach into the quadrigeminal cistern were large enough to expose the pineal region (Fig. 10) . 
DISCUSSION

Previous Attempts to Reach the Pineal Region
Although Cushing [7] first proposed the idea of the surgical treatment of pineal lesions, he said that he had never succeeded in exploring a pineal tumor sufficiently to justify an attempt at removing it. Dandy [9] tried to remove pineal tumors via the transcallosal approach with the patient supine, splitting the corpus callosum and resecting 2 to 4 cm of the splenium. The dissection was extremely difficult to perform between the internal cerebral veins and the basal vein of Rosenthal and usually necessitated sacrificing the internal cerebral and superior cerebellar veins. Also, an occipital lobectomy was occasionally required. [22] Despite several complications and a mortality rate of 20%, this technique was preferred by several authors. [12, 14, 18, 32] The park-bench position was used in this approach, which brought the sagittal sinus into a horizontal orientation and allowed the brain to retract with the pull of gravity. [4] Van Wagenen [34] used the transventricular approach in another unsuccessful attempt at removing pineal tumors. [24, 32] He tried to make a 6-to 7-cm, reversed L-shaped incision in the cortex, extending from the posterior end of the superior temporal gyrus upward and backward, ending at the superior parietal lobule. With another incision he reached the lateral ventricle. This approach was not preferred and has rarely been used because of the morbidity resulting from the cortical incisions. [22] 
Infratentorial-Supracerebellar Approach
The infratentorial-supracerebellar approach was introduced by Krause and improved by Stein [31] who used microsurgical techniques. It has been reported by many authors that this approach allowed easy orientation, did not require destruction of important structures, and provided for good visibility of the important veins.[4,6,11,15,29-31 ] The sitting position was preferred so that the cerebellum could fall inferiorly, thereby giving a wider surgical view without accumulation of blood in the operating field. [15] The main disadvantage of this approach was the limited exposure of the tumors, which extended anteriorly into the third ventricle and above the deep venous complex. [4] Large tumors extending superiorly or inferiorly to the field of view can be brought into view by first debulking the tumor and then grasping the tumor capsule and moving it. However, this method does not always work, especially if the tumor is bloody. The lateral exposure of the tumor via an infratentorial-supracerebellar approach is also restricted.
It is well known that the sitting position entails the risk of air embolism for the patient and is uncomfortable for the surgeon. [2, 15] Kobayashi, et al., [16] described the Concorde position; a prone position that provides for the elevation of the patient's shoulders with the head tilted to the right, away from the surgeon. Although this position minimizes the risk of an air embolism and is more comfortable for the surgeon, it is very disadvantageous for an assistant. [2] A modified Concorde approach with the same disadvantage was reported by Bloomfield, et al. [4] 
Occipital-Transtentorial Approach
After the description of the occipital-transtentorial approach was published, [12] some authors used it with slight modifications. [13, 23, 24] The sitting, [22] [23] [24] [25] semisitting, [4] and prone [26] positions were usually preferred for this approach. Some authors also used a "three-quarter prone" position, concluding that it eliminated the main disadvantages of the sitting position. There was no risk of air embolism and the surgeon gained a better position from which to work. [2, 5] The occipital lobe also fell, eliminating the need for retraction. However, this position entailed some difficulties in orientation. During the occipital-transtentorial approach a small part of the splenium might be sacrificed and the occipital lobe might be retracted, which could lead to a homonymous hemianopsia. The approach to the contralateral vein of Rosenthal was difficult. [2, 4, 17] The major advantages of this approach were the possibility of a larger exposure of the lesion and its helpfulness in dissection of the lateral extension of the tumor. [4] The infratentorial-supracerebellar approach is usually chosen for tumors located below the deep venous complex in the pineal region. When the tumor is located above this complex or extends anteriorly into the third ventricle, the transcallosal approach is occasionally used. When the tumor is extended above and below this complex, the occipital-transtentorial approach is preferred. It has been suggested that the depth of the lesion is not a factor in choosing one approach over another. The major factors affecting the choice of approaches are the normal anatomical structures encountered in and around the tumor. These structures may be sacrificed to expose a wider angle and gain access to the entire tumor. [4] It is obvious that with gentle retraction the area between the undersurface of the occipital lobe and the upper surface of the cerebellum provides the largest exposure for giant pineal region lesions. This requires division of the transverse sinus, which should be completed at the nondominant side with the cutting of tentorium. The advantages and disadvantages of the main approaches used for resection of pineal region tumors are summarized in Table 2 .
Combined Supra/Infratentorial-Transsinus Approach
Combined approaches for different regions and lesions of the brain have been used by several authors. [1, 3, 10, [19] [20] [21] 28, 33] The combined approach accomplished via a nondominant transverse sinus section and then a reanastomosis for a pineal region meningioma were reported by Sekhar and Goel. [27] Since that time we have used this approach for the removal of six large pineal region tumors. The patient's position was either semiprone or three-quarters prone and was comfortable for the surgeon and the assistant.
Previous attempts to remove tumors in three different patients by using the infratentorial-supracerebellar or occipital-transtentorial approach were unsuccessful. In our cases, the exposure of all lesions by using the combined approach was greater than with the other two approaches and substantially minimized the risks associated with retraction. The important venous structures of the galenic system were well exposed and none of them had to be sacrificed. The quadrigeminal cistern could be visualized between the pineal gland and cerebellum with no retraction of the cerebellum. The tentorium was a natural barrier for protecting the occipital cortex during the retraction. In tentorial meningiomas with a good arachnoid plane around the lesion, the total removal of the tumor was simpler.
We usually prefer to use the infratentorial-supracerebellar approach to resect tumors of the pineal region. The main indications for the use of the combined supra/infratentorial-transsinus approach in tumors are as follows: 1) large tumors with diameters greater than 4.5 cm; 2) tumors extending well above and below the planes of the tentorium or tumors arising from the tentorium; 3) tumors located well below the plane of cerebellar retraction; 4) tumors encasing important venous structures of the region; and 5) tumors that are very vascular, requiring the surgeon to cut around the tumor initially and devascularize it before performing internal debulking. Our radiological and anatomical studies and surgical experiences also confirmed that this approach provides a wider exposure for large pineal region tumors than the other two approaches.
CONCLUSIONS
The combined supra/infratentorial-transsinus approach provides the greatest exposure for large pineal region tumors and requires less brain retraction than either the infratentorial-supracerebellar or the occipital-transtentorial approach.
